Time travel has long been a popular plot device among creators of fantasy and science fiction, from Mark Twain and H.G. Wells to modern screenwriters like Robert Zemeckis, James Cameron, and Rian Johnson. Contemporary treatments often center on alternate realities or ''time lines'' resulting from interference with the past. In films with more dystopic visions, such as Looper and The Terminator, unscrupulous forces intentionally violate the past in an effort to further their nefarious ends. In the more optimistic future imagined by Gene Roddenberry in the Star Trek universe, incursions into the past are usually unintentional, with the offending characters assiduously trying to avoid any action that might alter subsequent events.
Galaxy Quest, director Dean Parisot's affectionate 1999 parody of Star Trek, had its own quirky take on time travel. The film followed the misadventures of the former cast of the canceled television series Galaxy Quest, which had chronicled the intergalactic voyages of the fictional starship NSEA Protector. Hopelessly typecast, the unemployed actors are forced to scratch out a living making costumed personal appearances at fan conventions and appliance store openings. At one such event, they are approached by an apparent cadre of uniformed fans who are, in reality, a group of Thermian aliens from the Klatu Nebula. The aliens have intercepted the transmission of syndicated reruns of the television series, which they have mistaken for the historical archives of an advanced race. Facing extinction by a technologically superior species led by the ruthless General Roth'h'ar Sarris, the Thermians have meticulously reconstructed a fully functional replica of the Protector in an effort to defend themselves. Now, they urgently need the assistance of the original ''crew'' in order to operate it. When the actors realize that they have been beamed into outer space instead of onto an elaborate stage set, they are alternatively enthralled and terrified.
The Thermians are particularly curious about the function of a mysterious device aboard the Protector, the Omega 13. Because the series was canceled just after the Omega 13 was added to the starship, the actors have no idea what it was meant to do. Sarris, who assumes the Omega 13 is a very powerful weapon, intends to destroy the Thermian ship and appropriate the device for his own use. Left with little choice, the actors endeavor to rise to the occasion and defeat Sarris. After many adventures and a climactic pitched battle, Sarris and his henchmen board the Protector and begin exterminating the crew. In desperation, the actor who played the captain of the Protector activates the Omega 13, which he has learned will either destroy the known universe or send it 13 seconds backwards in time. Fortunately, the latter of the 2 possibilities occurs, giving the crew just enough time to undo a crucial mistake and subdue the evil Sarris.
In the world of time travel, 13 seconds ranks as a mighty short excursion, but it proves infinitely useful to the crew of the Protector. Consider what the invention of such a device would mean for sports medicine. Whenever a serious sports injury occurred, immediately activating the Omega 13 would furnish just enough time to alter the circumstances that led to the injury and avoid it altogether. Lacking such a boon, we must content ourselves with a much more laborious process of injury prevention.
The procedure for devising and validating an injury prevention program was classically defined by van Mechelen and colleagues 18 to require a progression of 4 steps. The first step is the performance of epidemiological studies to define the extent of the problem. This is followed by studies to identify the specific factors and mechanisms that lead to injuries. Once these are delineated, potential preventative measures are introduced, and finally, their efficacy is assessed by controlled repeat observation. A collection of articles in this issue of The American Journal of Sports Medicine (AJSM) exemplifies different parts of this progression, including the pitfalls of attempting to prevent sports injuries.
In the first of these studies, Burger and colleagues 2 pored over video footage from 3 renditions of the under-18 Craven Week tournament to identify ''Mechanisms and Factors Associated With Tackle-Related Injuries in South African Youth Rugby Union Players.'' Citing evidence that more than half of youth rugby injuries occurred during a tackle, they focused on this aspect of the game. Using special software, the investigators compared 3 portions of the tackling sequence and the surrounding game situation between 49 documented injuries and 248 matched noninjury events. Their inspiration was the groundbreaking research of Torg et al 17 that identified the spearing mechanism associated with catastrophic cervical spine injuries in American football. The authors faced a complex challenge, as they had identified 10 distinct tackle types from prior rugby research. 6, 12 Nevertheless, they were able to pinpoint several situational and mechanistic factors associated with a greater or lesser risk of injuries to both tacklers and ball carriers. The authors concluded that the next step towards making youth rugby safer would require the concerted efforts of medical and coaching staff to take the information gained from their study and use it to derive effective measures for reducing the occurrence of tackle-related injuries.
Four other articles in this month's AJSM examine the ability of previously identified risk factors, including poor fitness level, overweight, focal weakness, generalized joint laxity, and the female athlete triad, to predict injuries in specific sports settings. In the first, Krauss et al 8 evaluated a defunct US Army program that had been designed to allow some overweight women to serve. Under the program, female recruits could fail a standardized fitness test or exceed body fat guidelines, but not both, and still join the US Army. The investigators found that these 2 factors were indeed associated with an increased risk of musculoskeletal injuries and that an inadequate fitness level was specifically associated with an increased risk of stress fractures.
Researchers have been looking for possible associations between generalized joint hypermobility (GJH) and sports injuries for a long time. Some studies have found such an association, and others have not. 13 In a second investigation evaluating the ability of risk factors to predict injuries, Blokland et al 1 rated 114 players from the highest level of women's soccer competitions in the Netherlands and Belgium on the standard Beighton scale of GJH and then tracked their injuries over the ensuing season. Despite repeat analyses using different cut-off points on the Beighton scale, the authors were not able to identify GJH as an indicator of increased injury susceptibility in their population.
The female athlete triad has classically been associated with an elevated risk of bone stress injuries. In the third article in this group, Tenforde and colleagues 15 investigated whether the Female Athlete Triad Cumulative Risk Assessment tool, developed by the Female Athlete Triad Coalition in 2014, was able to predict the risk of bone stress injuries among women participants in 16 different US university sports over a 6-year period. The athletes were classified as low, moderate, or high risk based upon a detailed history and dual-energy X-ray absorptiometry scans. The valuable findings of their study were that athletes in the moderaterisk category were twice as likely as low-risk athletes to sustain bone stress injuries, while those in the high-risk category were nearly 4 times as likely.
Some authors have theorized that weakness in the proximal musculature of the lower limb may increase the likelihood of uncontrolled joint displacements and, ultimately, injuries further down the kinetic chain. The fourth and last study in this month's AJSM to evaluate the predictive value of injury risk factors, by De Ridder and colleagues, 5 prospectively measured hip strength in 133 Belgian youth soccer players and followed them over the next 3 seasons for lateral ankle sprains. Regression analysis of their data revealed a modest association between lateral ankle sprains and weakness of the hip extensors, but not other major hip muscle groups. Because the effect of this factor was modest, the authors cautioned that further confirmatory research is needed to substantiate their findings.
Once an injury risk factor has been identified, the next logical steps in injury prevention are to devise a strategy to address it, introduce that measure to a susceptible population, and document the effect. The F-MARC 111 program was developed to reduce the incidence of injuries in soccer players, and several clinical studies have concluded that it is indeed effective. 7, 11, 14 In another study in this month's AJSM, Thompson and colleagues 16 investigated the potential of this program specifically to prevent ACL injuries, albeit using nonclinical biomechanical outcome measures as their end point. The authors recruited 51 girls aged 10 to 12 years from California soccer clubs and examined them with motion capture technology at the beginning and end of their competitive season. Twenty-eight of the girls participated in 15 sessions of the F-MARC 111 program during the season, while the other 23 served as controls. When their performance of 2 jumping and 2 cutting tasks was analyzed, the most noteworthy difference was a reduction in peak valgus moment during the double-leg jump, only seen in the intervention group. However, no such difference was documented during a single-leg jump or the 2 different cutting tasks. The authors declared the apparently positive effect of the F-MARC 111 program on the double-leg jump encouraging but postulated that enhancements to the program might be required to address other motion patterns such as cutting. As the investigators readily acknowledged, their study population was too small to determine whether the F-MARC 111 program can, in fact, produce a reduction in the incidence of ACL injuries in girls' soccer.
Just as fictional time travel incurs the risk of undesirable interference with subsequent events, interventions to reduce the possibility of sports injuries are not themselves risk free. No matter how well an intervention is based in theory and supporting research, there is always the possibility that its introduction into practice will produce unintended consequences. In 2008, as part of an effort to reduce the incidence of concussions in American football, the National Collegiate Athletic Association (NCAA) outlawed initiating contact with the crown of the head and targeting defenseless players in the head or neck. In 2013, the penalty for this offense was increased to immediate ejection from the game. In the December 2016 issue of AJSM, Westermann and colleagues 19 compared injury rates from 2009-2012 and 2012-2015 among 68 NCAA football programs. They reported an increase in the rate of injuries to the lower limb (relative risk [RR], 1.15; 95% CI, 1.06-1.25) in tandem with an apparent increase in sports-related concussions (RR, 1.34; 95% CI, 1.08-1.66). As the authors noted, the data on concussion rates may be confounded by a concomitant heightened awareness and reporting of concussions, and the temporal association between the institution of the draconian targeting penalty and an increased incidence of lower extremity injuries does not prove causation. Nevertheless, as they stated, further careful study of this possibility is indeed indicated.
With a similar goal of reducing the incidence of sportsrelated concussions, in 2011, Hockey Canada introduced a ''zero tolerance'' rule penalizing head contact, intentional or not, at all levels of play. In this issue of AJSM, Krolikowski and colleagues 9 report their study of the effect of this rule change on the incidence of concussions in elite players of the Pee Wee (ages [11] [12] and Bantam (ages 13-14) age groups. In fact, their retrospective review revealed a sharp increase in the incidence and severity of concussions in both these populations. The authors concluded that the apparent increase in concussion rates is most likely the result of heightened awareness and reporting of this injury, although they cannot completely exclude the possibility that some portion of the change is real and possibly related to the ''zero tolerance'' rule.
As these articles collectively demonstrate, available methods for preventing injuries are frustratingly more ponderous than activating the Omega 13. On the other hand, their chance of inadvertently destroying the known universe in the process is probably slim. Nevertheless, a final article in this month's AJSM illustrates current efforts to develop an Omega 13, of sorts, for preventing or at least modifying the consequences of sports injuries, if not the injuries themselves. The development of posttraumatic arthritis following an anterior cruciate ligament (ACL) rupture continues to be a vexatious problem that seems to defy our most artful attempts at ligament reconstruction. This has led many to conclude that the initial injury unleashes a cascade of events that cannot be reversed by simply rebuilding the torn structure. 3, 4 In ''A Multicenter Study of Early Anti-inflammatory Treatment in Patients With Acute Anterior Cruciate Ligament Tear,'' Lattermann and colleagues 10 report the initial results of one strategy to interrupt this degenerative sequence. In their clinical trial, 49 acutely ACL-injured patients were randomized to groups receiving either a placebo injection or 1 or 2 doses of intra-articular corticosteroid. The patients were then followed clinically and with measurement of synovial biomarkers for the ensuing 5 weeks. Although no clinical difference between groups was noted during this brief period, the placebo group demonstrated increasing synovial levels of a peptide associated with type II collagen breakdown that were significantly higher than in the patients who received the intra-articular steroid in the first several days following the injury. Longer term follow-up of these and other patients should help determine whether this acute rescue treatment can reduce the incidence of posttraumatic arthritis after an ACL injury.
Compared with fictional time travel, conventional injury prevention research advances at a glacial pace, with its methodical progress occasionally punctuated with a quantum leap forward, like Torg et al's 17 identification of the spear tackle as a mechanism of catastrophic cervical spine injuries. The development of a real Omega 13 seems fanciful at this time, but perhaps one day, our theoretical physicists will boldly go where no one has gone before and discover the means to make it a reality. When that day arrives, orthopaedic sports medicine specialists will suddenly find themselves with considerably more time for fishing trips and other leisure pursuits.
Bruce Reider, MD
Chicago, Illinois
